The complete nucleotide sequence and organization of the Yersinia enterocolitica serotype 0:8 low-calciumresponse (LCR) plasmid, pYVe8081, were determined. The 67,720-bp plasmid encoded all the genes known to be part of the LCR stimulon except for ylpA. Eight of 13 intact open reading frames of unknown function identified in pYVe8081 had homologues in Yersinia pestis plasmid pCD1 or in Y. enterocolitica serotype 0:9 plasmid pYVe227. A region of approximately 17 kbp showed no DNA identity to pCD1 or pYVe227 and contained six potential new genes, a possible new replicon, and two intact insertion sequence (IS) elements. One intact IS element, ISYen1, was a new IS belonging to the IS256 family. Several vestigial IS elements appeared different from the IS distribution seen in the other LCR plasmids. The RepA proteins encoded by Y. enterocolitica serotype 0:8 pYVeWA and pYVe8081 were identical. The putative pYVe8081 replicon showed significant homology to the IncL/M replicon of pMU407.1 but was only distantly related to the replicons of pCD1 and pYVe227. In contrast, the putative partitioning genes of pYVe8081 showed 97% DNA identity to the spy/sopABC loci of pCD1 and pYVe227. Sequence analysis suggests that Yersinia LCR plasmids are from a common ancestor but that Y. enterocolitica serotype 0:8 plasmid replicons may have evolved independently via cointegrate formation following a transposition event. The change in replicon structure is predicted to change the incompatibility properties of Y. enterocolitica serotype 0:8 plasmids from those of Y. enterocolitica serotype 0:9 and Y. pestis LCR plasmids.
Pathogenic Yersinia enterocolitica is a well-established foodborne pathogen (29) . Infection usually results in a self-limiting gastroenteritis, but in immunocompromised individuals septicemia and hepatic abscesses may occur. Postinfection complications include arthritis and erythema nodosum (8) . Y. enterocolitica is a serologically diverse species that includes saprophytes as well as pathogens. Certain serotypes are consistently associated with human infection (30) . Serotypes 0:3 and 0:9 are most frequently isolated in Europe, Japan, and Canada, while serotype 0:8 causes most infections in the United States. Serotype 0:8 is also associated with more severe invasive disease (3, 5) . So far, only one phenotypic trait has been identified in Y. enterocolitica 0:8 to account for these observed differences in pathogenicity (37) .
Essential virulence genes are carried on a ca.-70-kb plasmid in Y. enterocolitica, Yersinia pestis, and Yersinia pseudotuberculosis (42, 43) . The virulence plasmid encodes virulence proteins called Yops (Yersinia outer proteins), a type III secretion system, the V antigen, and regulatory proteins. The virulence plasmid encodes the low-calcium response (LCR) (53) , which refers to a complex response to in vitro growth conditions of temperature (37°C) and extracellular calcium concentration (less than 2.5 mM Ca 2ϩ ). Under these conditions, pathogenic Yersinia shifts from vegetative growth to the production and secretion of virulence proteins. In vitro conditions probably mimic a signal in the mammalian host where the LCR results in paralysis of defenses at the site of infection and extreme suppression of cell-mediated immunity (6) . Collectively, plasmid genes turned on by the LCR comprise the LCR stimulon (38, 52) .
The LCR plasmids in Yersinia spp. are structurally, as well as functionally, related. Yop secretion involves 28 genes at four adjacent loci, virA, virB, virG, and virC. The virA locus consists of seven genes: yopN, tyeA, sycN, yscXY, lcrD/yscV, and lcrR. The virB operon is comprised of eight genes (yscN to yscU), and the virC operon contains 13 genes, yscA to yscM. virG (yscW in Y. pestis [39] ) is a small monocistronic gene located between virB and the transcriptional regulator virF. Contiguous with virA is the lcrGVsycDyopBD operon, which is involved in translocation of Yops (21) . The lcrV gene in this operon encodes the V antigen that is required for virulence. These genes form a contiguous cluster in all Yersinia LCR plasmids. Other effector genes (yopM, yopT, yopQ, yopP, yopO, yopE, and yopH) and their corresponding chaperones (sycT, sycE, and sycH) flank the main cluster.
Only virF, sycE, yopE, and yadA have been sequenced from Y. enterocolitica 8081 serotype 0:8. The predicted products of yopE, sycE, and virF are at least 95% identical to homologous proteins produced by the other pathogenic Yersinia strains. However, YadA encoded by Y. enterocolitica 8081 shows only 81% identity to YadA encoded by Y. enterocolitica serotype 0:9. Based on the results of DNA cross-hybridization studies, plasmids from Y. enterocolitica serogroups 0:9, 0:3, and 0:5 show 90% nucleotide identity with one another but share only 75% DNA identity with plasmids from Y. enterocolitica serogroup 0:8 (19) . Plasmids from Y. enterocolitica serotype 0:8 show 55% nucleotide identity with the virulence plasmids from
RESULTS AND DISCUSSION
Molecular arrangement of pYVe8081. The entire circular DNA sequence of pYVe8081 was 67,720 bp in length and was similar to the previously determined size of 66,000 bp (41). Significant ORFs, sites, and insertion sequence (IS) elements are shown in Fig. 1 and summarized in Table 1 . All of the previously identified virulence-associated genes were present in pYVe8081 except for ylpA, which is expressed only in pYVe227 (20, 21, 39) . The virABC loci and the lcrGVH-yopBD operon showed 98 to 99% nucleotide identity to these loci in pCD1 and pYVe227; virG and virF were 97 to 98% identical in all three plasmids.
A comparison of the plasmid maps of pCD1, pYVe227, and pYVe8081 revealed a similar organization of shared genes (Fig. 2) . The following differences between pYVe227 and pYVe8081 are notable. yscM2 is located between yadA and the partition region (spyABC) in pYVe227 but was located upstream from yopP in pYVe8081. A block of inserted DNA containing putative replication genes flanked by IS-like elements in pYVe8081 interrupted the sequence between yopP and yopQ encoded by pYVe227. This inserted DNA replaced the ylpA gene encoded by pYVe227. Also, the orientation of the yomA/yadA genes and the yopM gene was reversed in pYVe8081.
Gross differences in the organization of pCD1 and the other two plasmids result from the inversion of at least two regions (20, 21, 39) . One region in pCD1 extends from the beginning of sopA to the end of sycH (shown as region III on the pCD1 map in Fig. 2 ). The other inverted region in pCD1 starts with the ylpA pseudogene and continues to the beginning of yopH (regions II and I in Fig. 2 ). The absence of mobile genetic elements near the yopH end of the ylpA-to-yopH region makes it difficult to explain how this segment may have inverted (21) . Our comparison of LCR plasmid sequences suggests the possibility of a third inversion (region I in Fig. 2 ) that could explain the current orientation of the Yop gene cluster found on the Y. enterocolitica plasmids. Inversion of region I in pCD1 could have resulted from IS-promoted recombination near the yopH region. Specifically, Perry et al. (39) found a copy of IS100 near yopH on pCD1. As a consequence of this possible inversion, yopH and yscM would be next to each other and oriented in the same direction. If this event was followed by the inversion of the segment encompassing regions I and II, the orientation of the Yop gene cluster in pCD1 would be similar to that seen now in the Y. enterocolitica plasmids. As further support of mobile gene activity in this region, we found short direct repeats (GTATT) that may be vestiges of illegitimate recombination events in the ancestral LCR plasmid. In pCD1, two copies of this repeat are located just upstream of yopH and downstream of yscM (shown as dots flanking region I in Fig. 2) . In contrast, Y. enterocolitica pYVe8081 and pYVe227 each have a single copy of the identical sequence between yopH and yscM. Although we cannot be certain of the molecular events that led to the current architecture seen in these three LCR plasmids, it is obvious from DNA sequence analysis that multiple mobile genetic events have participated in the construction of this virulence gene cluster.
The molecular arrangement of pYVe8081 in the region between sycT and yopD was significantly different from that of both pYVe227 and pCD1 (Fig. 3) . The sycT-to-yopD region was located on the opposite side of the Yop gene cluster in both Y. enterocolitica plasmids compared to the Y. pestis plasmid ( Fig. 2) (21, 39) . The yopM locus was transcribed in the same direction in pYVe8081, pCD1, and Y. pseudotuberculosis plasmid pIB1 but transcribed in the opposite direction in pYVe227. In addition, homologues of pCD1 (39) and pYVe227 (21) genes encoded by pYVe8081 were disrupted by these rearrangements. Specifically, pYVe8081 contained only remnants of the intact IS1636 located in the sycT-to-yopD region of pYVe227, as well as remnants of orf54, orf60, and orf61 identified in the same region on pCD1 (Fig. 3) . These genetic rearrangements have resulted in size variation of the sycT-toyopD region in all three plasmids. Iriarte and Cornelis noted rearrangements in this region between pCD1 and pYVe227 (21) . They proposed that homologous exchange between long repeats could account for these differences. Despite these changes, the sycT-to-yopD region of pYVe8081 retained approximately 95% nucleotide identity with the homologous segments encoded by pCD1 and pYVe227.
In contrast, two regions of pYVe8081 showed no DNA homology to either pCD1 or pYVe227. One region of approximately 7 kbp extended upstream from yadA to orf155, and the other region of approximately 10 kbp extended downstream from yscM2 to yopQ. These two areas contained six potential new genes, a possible new replicon, two intact IS elements, and a number of vestigial IS elements (Fig. 1) .
The translated products of most virulence-associated genes in pYVe8081 showed at least 92% identity to corresponding proteins encoded by pCD1, pIB1, and pYVe227. However, the pYVe8081-encoded yscP gene product was only 78% identical to its homologue from pYVe227. YscP encoded by pYVe8081 was 60 amino acids shorter (51) 
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Y. ENTEROCOLITICA pYVe8081 ANALYSIS 4629 b "c" denotes a gene encoded on the minus strand. c The accession number of the GenBank match with the highest probability value was used. In cases where the match with the highest probability value was found in more than one Yersinia spp., the Y. enterocolitica pYVe227 sequence was used. (21) Putative ORFs of unknown function in pYVe8081. Consistent with the strong relatedness shown by the Yop stimulon genes, putative ORFs of unknown function located between yopQ and yadA in pYVe8081 had homologues in pCD1 or pYVe227 ( Fig. 1; Table 2 ). Outside this region, orf155 (bp 55745 to 57934) was homologous to previously identified potential syc genes located upstream from yopO in pIB1, pCD1, and pYVe227 (15, 21, 39) . Located between IS remnants downstream from yscM2, orf106 encoded a putative inner membrane protein which belongs to the phospholipase D superfamily (40) . ORF106 was 43% identical (63% similar) over a 123-amino-acid span with a 162-amino-acid-long putative endonuclease in Y. pestis pMT1 (24) and 41% identical over an 82-amino-acid span with a 180-amino-acid-long endonuclease in pYVe227 (21) . ORF181, ORF91A, ORF156, and PprA, previously identified in pYVe227 (21), were not encoded by pYVe8081. ORF5, ORF84, and ORF85, previously identified in pCD1 (39), were not encoded by pYVe8081.
The region between yadA and yopO contained five potential genes not found in pCD1 or pYVe227 ( Fig. 1; Table 2 ). The translated product of the largest gene, orf81 (bp 52048 to 52782), was 244 amino acids long and was 50% identical over 99% of a probable site-specific recombinase encoded by the F plasmid (accession no. AP001918). A search of the pFam database revealed that ORF81 belongs to the phage integrase family of recombinases. Members include bacteriophage enzymes responsible for the integration of linear DNA into a host genome (18, 23) . orf79 could encode a 211-amino-acid-long partition protein, since it was 26% identical over the entire length of an Actinobacillus actinomycetemcomitans partition protein. The Actinobacillus protein is a Walker-type ATPase from a type 1B partition locus. Type 1B partition loci are found in gram-positive and gram-negative bacteria (16) . The finding of a remnant of a broad-host-range plasmid, specifically a protein associated with partitioning, suggests that pYVe8081 may have been generated by cointegration of distinct plasmids during its evolution.
IS elements. Whole or partial IS elements, which represented seven IS element families (25) , occupied 16% of the pYVe8081 plasmid (Table 3) . In pCD1 and pYVe227, intact IS elements and most remnants belong to the IS3 family (21, 39) . We considered IS-like sequences to be identical to previously identified IS elements if they showed greater than 90% nucleic acid identity or greater than 95% transposase (Tpase) amino acid identity according to the classification scheme of Mahillon and Chandler (25) . The remaining remnants were named after the Tpase giving the highest GenBank match at the amino acid level. Two IS elements in pYVe8081 were intact and therefore likely to be functional. We located an intact copy of IS1541C adjacent to the replication region (bp 65189 to 65896) in pYVe8081. The IS1541C element on the pYVe8081 plasmid was identical in size and sequence to IS1541C recently described but not mapped in Y. enterocolitica 8081 (12) . IS1541C shows 94% DNA sequence identity to IS1541 located on the Y. pestis chromosome and on plasmid pMT1 and to isoforms IS1541A and IS1541B from Y. pseudotuberculosis, but only 85% DNA sequence identity to IS1541D from Y. enterocolitica 8081. We predict that IS1541D is located on the Y. enterocolitica chromosome, since no copies of it were found on Y. enterocolitica plasmids sequenced so far.
ISYen1 was a new 1,295-bp IS element located between yadA and yopO at bp 49547 to 50841. We designated this new element ISYen1 according to the nomenclature proposed by Mahillon and Chandler (25) . We found 32-bp-long imperfect inverted repeats at both ends of ISYen1. The element was also flanked by 9-bp direct repeats that could have resulted from duplication of a target sequence at the site of insertion during transposition. We found a potential Shine-Dalgarno sequence and start codon, AGGAN 7 ATG, and a single ORF capable of encoding a 400-amino-acid long Tpase. The putative Tpase is a member of the transpo-mutator family of proteins, which includes the mutator element from maize (13) . Tpases of the transpo-mutator protein family belong to the IS256 IS family (25) . The ISYen1 Tpase showed 48% amino acid sequence identity over 92% of a Tpase from Y. pestis pMT1 (24) and 45% identity over 98% of ISRm3 from Rhizobium meliloti (61) . The family shows an overall amino acid similarity of 22 to 44% across dissimilar genera, suggesting a common ancestor (25) . However, members have also adapted to the GϩC contents of their host species with a corresponding loss of nucleotide homology among family members. The group is of interest from an evolutionary standpoint because some of its members are highly mobile and therefore likely contributors to genome structure and evolution. Support for a common ancestor of these elements was also found in the sequence of the terminal inverted repeats in ISYen1, which were 53 to 63% identical to terminal repeats from IS285 (46), ISRm3, IS1132 (accession no. P35879), and IS1356 (57) .
Evidence for the mobile nature of ISYen1 was obtained through sequence analysis. We found two disrupted elements homologous to ISYen1 on the plasmid. One remnant, located downstream from yscM2 (bp 61626 to 61012), was identical in nucleotide sequence to ISYen1 beginning with 8 bp of the direct repeat and including the left inverted repeat and the first 558 bp of the Tpase. The other remnant (bp 7042 to 7717) was 676 bp long and showed 82% nucleotide identity to ISYen1. Other IS elements in pYVe8081 are not likely to function, since their DNA sequences were either truncated at one or both ends or interrupted by the insertion of other IS elements or by deletions. The presence of many IS elements in a state of evolutionary decay in pYVe8081 suggests a history of gene transfer between this plasmid and plasmids from other strains and species as well as the chromosome. For example, a tandem duplication of IS4-like elements occupied 2.2 kbp upstream from IS1541C and showed 83% nucleotide identity over the entire length of IS4 (22) . The presence of IS4-like elements is unique to pYVe8081 among LCR plasmids. Although the mobile genetic events that led to the accumulation of these remnants of IS elements cannot be determined, it is interesting that similar regions have been identified on other virulence plasmids (24) .
We found a reverse transcriptase-like gene (bp 40239 to 40799) with 93% nucleotide identity over 37% of the enteropathogenic E. coli intA gene (56) and 92% nucleotide identity over 24% of the Shigella flexneri sfiA gene (55) . Both intA and sfiA are group II intron-like sequences that encode reverse transcriptase-like proteins found within the introns of plants, fungi, and bacteria (45, 56) . The enteropathogenic E. coli intA is found on the adherence factor plasmid (pB171), and sfiA is found in the she pathogenicity island in S. flexneri. The Y. pestis plasmid pMT1 also carries a homologous gene remnant (24) . Retron-like elements are predicted to be involved in gene transfer.
Plasmid replication and partitioning. Incompatibility, defined as the inability of two plasmids to coexist in the same cell in the absence of external selection (33) , is an indicator of relatedness that has been used to classify plasmids (7). Thus, plasmids in the same incompatibility (Inc) group share one or more elements of their replication or partition systems. Replicons from a number of different incompatibility groups have been sequenced, and their mechanisms of replication and replication control have been explained. Based on DNA and protein homologies as well as the shared use of countertranscript RNA (ctRNA) to control replication, the replicons of IncL/M, IncB, IncI ␣ , and IncK plasmids have been grouped together to form the I complex (44) . The current classification scheme is based on the translated products of their essential replication initiator genes, termed RepA (10, 11, 48) .
orf125 (bp 66548 to 67570) was the only gene found on plasmid pYVe8081 that could encode a protein with homology to replication initiation proteins. The predicted 340-aminoacid-long protein was 54% identical over 96% of its length to RepA of pMU407.1, a naturally occurring conjugative plasmid belonging to the IncL/M group and the I-complex replicon group (9). ORF125 was 46% identical over 89% of its length to the replication initiator proteins from Col1b-P9 (IncI ␣ ) and pMu720 (IncB), which also belong to the I-complex replicon group. This putative protein had a molecular mass of 40,011 Da and an overall net positive charge, which are characteristic of DNA binding proteins (2) . These findings support our designation of ORF125 as the pYVe8081 RepA homologue. Surprisingly, we found no homology in the GenBank database to the RepA proteins of pCD1, pIB1, or pYVe227. To confirm and extend our finding that pYVe8081 encoded a replication apparatus significantly different from that of other previously sequenced Yersinia LCR plasmids, we used PCR to amplify homologous sequences from a second plasmid pYVe8081 isolate (obtained from Virginia Miller) and from another serotype 0:8 Y. enterocolitica plasmid, pYVeWA. The DNA sequence of the amplified repA gene from the second pYVe8081 isolate was identical to our original sequence of plasmid VOL. 69, 2001 Y. ENTEROCOLITICA pYVe8081 ANALYSIS 4633 on November 9, 2017 by guest http://iai.asm.org/ pYVe8081 obtained from Peter Feng. The homologous DNA segment amplified from pYVeWA encoded repA with two silent nucleotide changes from our pYVe8081 sequence. Accordingly, the sequence of pYVe8081 repA that we obtained was not isolate specific and appears to be representative of Y. enterocolitica serotype 0:8 plasmids.
Upstream from repA in pYVe8081, we identified other essential elements found in I-complex replicons (Fig. 4) . Homologues of RNAI in I-complex replicons encode ctRNAs that are the major incompatibility determinants and negative regulators of repA expression (2). Our pYVe8081 RNAI was 76% identical over 92% of its length to the antisense RNAI of IncL/M (2). RNAI from pYVe8081 was predicted to fold into a secondary structure (27, 62) composed of a minor stem-loop at its 5Ј end, a major stem-loop containing a GC-rich region, and a short 3Ј tail (Fig. 5) . These features are also found in the stem-loop structures of the antisense molecules of IncL/M (Fig. 5) . In addition, the loop sequence, CGCCAA, found in our RNAI transcript is conserved in the ctRNAs of previously sequenced I-complex replicons (34) .
A second characteristic of I-complex replicons is the presence of repB homologues that encode small leader peptides involved in the regulation of repA expression. We found a putative repB upstream of repA (Fig. 4) . In pYVe8081, repB was 55% identical over 94% of its length to repB from IncL/M plasmid pMU407.1. The repB nonsense codon (TAA) overlapped the repA start codon, suggesting translational coupling of these two genes, as has been observed previously for IncL/M plasmids (2) .
Upstream from RNAI, we found an ORF whose product showed homology to the product of the repC gene, which is located in the corresponding position in the pMU407.1 replicon. However, ORF123 was only 36% identical over 78% of its length to RepC encoded by pMU407. ORF123 was also 36% identical over 74% of its length to RepB from both pCD1 and pYVe227. Both RepB and RepC appear to be involved in the control of repA expression in their respective replication systems (2, 39, 60) . We designated the gene encoding ORF123 repC because of its location in the putative replicon of pYVe8081 and because its translated product was homologous to RepC from pMU407.1.
Members of the extended RepFIIA replicon family possess theta-type replicons with characteristic origins of replication (11) . The theta-type origin of replication contains specific sequences that interact with the replication initiator protein.
Additional features found at the origins of theta-replicating plasmids are an adjacent AT-rich region containing repeated sequences and a dnaA box, where the host DnaA protein binds. A potential dnaA box (TTACCCACA) almost identical to the dnaA box (TTATCCACA) of E. coli (14) was discovered approximately 150 bp downstream from the end of repA in pYVe8081 (Fig. 4) . Since we could not find a sequence that matched the RepA binding site (17) in pYVe8081, we designated the first base of our dnaA box as the start of the possible oriR. The presence of repeated sequences (Fig. 4) and a 70% adenosine-plus-thymidine content in this region of pYVe8081 further suggest that this is the replication origin. In contrast to the putative replication region, the partitioning loci encoded by pYVe8081 appear to be alleles of the analogous regions on Y. pestis pCD1 (39) and Y. enterocolitica pYVe227 (21) . A possible partitioning (par) locus at bp 42557 to 45058 ( Fig. 1; Table 1 ) showed 98% nucleotide identity to the sopABC locus in pCD1 and approximately 97% nucleotide identity to the spyABC locus in pYVe227. The locus consisted of two trans-acting proteins and a cis-acting site, which had a genetic organization identical to that of the sop/par loci of low-copy-number plasmids F and P1 (16) . The high DNA homology of the LCR plasmid partition systems is further evidence that they have a common evolutionary origin and suggests that these systems have not diverged appreciably since they were acquired.
Evolutionary aspects. An unrooted phylogenetic tree based on the deduced protein sequences encoded by repA genes showed that the putative RepA from pYVe8081 and pYVeWA belonged to an extended replicon family which consisted of four distinct subgroups (Fig. 6) . RepA from pYVe8081 and pYVeWA clustered with IncL/M RepA, while the other I-complex replicons (RepFIC, IncB, IncK, and IncI ␣ ) formed a separate subgroup. This is in agreement with the rooted tree constructed by Osborn et al., who proposed extending the RepFIIA family to include the I-complex replicons (34) . Only 16% of pYVe8081 RepA residues matched with those in pCD1 and pYVe227, while the RepA proteins of pCD1 and pYVe227 differ from each other by only a single amino acid residue. The finding that pYVe8081 and pYVeWA replicons were only distantly related to the replicons of pCD1 and pYVe227 suggests that Y. enterocolitica serotype 0:8 plasmid replicons originated independently during the evolution of these plasmids. A model for replicon evolution involving cointegrate formation by two compatible plasmids has recently been described (54) .
The putative pYVe8081 oriR was similar to replication origins in the other RepFIIA family members since it lacked iterons and consisted instead of a dnaA box and an adjacent AT-rich region. The putative replication region in pYVe8081 also shared copy number control elements found in RepFIIA replicons: a small ctRNA and a small translated peptide encoded in the leader region of the repA mRNA. The presence of these elements suggests that pYVe8081 uses a mechanism of copy number control similar to that found in other RepFIIA family members. Based on recent analysis of RepFIIA replicons, it has been proposed elsewhere that the entire family consists of mosaic replicons that arose as a result of recombination events (35, 44) . The likely site of recombination is at the junction of the sequence encoding the leader peptide and the repA gene.
In contrast to the divergence shown by the LCR plasmid replicons, the phenotypic traits exhibited by these plasmids are highly conserved. The segment that includes the virABC loci, virG, virF, and the GVH-yopBD operon in pYVe8081 showed at least 97% nucleotide identity with the corresponding region in pCD1 and pYVe227. This segment was part of a contiguous region, from yopQ to yadA, covering 68% of the pYVe8081 plasmid that has DNA homology to pCD1 and pYVe227 (Fig.  2) . In addition, the region encoding ORF155, YopO, and YopP in pYVe8081 was 97% identical to the corresponding region in pCD1 and pYVe227 (Fig. 1) . The conservation of virulence-related genes demonstrates the strong selective pressure that these genes are under due to the advantage that they confer on the host Yersinia. Although large regions of pYVe8081, pCD1, and pYVe227 are related, each plasmid has undergone considerable change in structure since it diverged, because deletions, insertions, and rearrangements of DNA sequences are required to explain differences in gene order and plasmid content.
The Yersinia LCR plasmids are nonconjugative, but remnants of transfer (tra) genes homologous to the tra locus of the F plasmid are found in pYVe227 and pCD1 (21, 39) . We found no evidence of an ancestral tra locus in pYVe8081, but we did find the gene for a putative endonuclease (orf106) that was homologous to the Nuc protein at the end of the tra gene cluster in pYVe227. The presence of a vestigial tra locus on other LCR plasmids suggests that the ancestral Yersinia LCR plasmid had the ability to colonize other bacterial species.
Constructing evolutionary relationships among plasmids is challenging due to their mosaic nature, which results from the acquisition of genes by horizontal transfer. The sequence of pYVe8081 reveals a backbone with replication features that are clearly divergent from those previously reported for pCD1 and pYVe227 while the maintenance features in all three plasmids are nearly identical. Although analysis of our data in relation to those of others (21, 39) is not definitive, we suggest FIG. 6 . Unrooted phylogenetic tree of the translated products of repA genes from the extended RepFIIA family. Alignments were generated using the CLUSTAL program (DNAStar). Incompatibility groups are shown in parentheses. The replication initiator protein from rolling-circle replicating plasmid pT181 (31, 32) is included as an unrelated protein for a control. Buchnera aphidicola plasmids (50, 58) and their RepA (GenBank) accession numbers are as follows: pBPp1, CAA07300; pBTs1, CAA72701; and pBTc1, CAA72709. Other plasmids and their RepA (GenBank) accession numbers are as follows: pCD1, AAC69762; pYVe227, AF102990; pNR1, CAA26168; pSU316, AAA98204; pCol1b-P9, AAA23191; pMU707, AAA98176; pMU407.1, AAA87028; pR387, AAA98310; pYVe8081, AY026194; pYVeWA, AY026195; and p307, AAB17112.
that the LCR plasmids arose from a common ancestor but that the replicons on Y. enterocolitica serotype 0:8 plasmids evolved independently through nonselective divergence following cointegrate formation. Regardless of the molecular events that led to the present structure of pYVe8081, our data strongly suggest that it should belong to a new incompatibility group. Confirmation of this possibility will await further testing.
